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Description 

MANUFACTURING METHOD OF SEMICONDUCTOR DEVICE 

Technical Field 
[0001] 

The present invention relates to a manufacturing method 
of a semiconductor device, and more particularly to a technique 
which is effectively applicable to a manufacturing technique 
of a semiconductor device having SiGe:C which is formed using 
an epitaxial growth technique. 

Background of the Invention 
[0002] 

Japanese Patent Laid-open 2003-203872 (patent document 
1) discloses a vertical-type low-pressure CVD device which uses 
a mechanical booster pump and a dry pump, and maintains a wafer 
reaction atmosphere in highly clean state by introducing a raw 
material gas from an upper portion of a reaction chamber and 
by exhausting the raw material gas from a lower portion of the 
reaction chamber thus obtaining high-quality Si, SiGe or SiGeC. 
[0003] 

Further, Japanese Patent Laid-open 2002-237590 (patent 
document 2) discloses a MOS-type field effect transistor in 
which a channel region has the stacked structure formed of a 



Si layer and a SiGe layer or a SiGeC layer sequentially from 
a surface, a source layer and a drain layer which are formed 
of SiGe or SiGeC containing high-concentration impurity atoms 
which impart a desired conductive type are brought into contact 
with both end surfaces of the channel region, and surfaces of 
the source layer and the drain layer which are formed of SiGe 
or SiGeC have a shape which is raised upwardly from a position 
of a bottom portion of a gate electrode. 

Patent document 1: Japanese Patent Laid-open 2003-203872 
Patent document 2: Japanese Patent Laid-open 2002-237590 

Disclosure of the Invention 

Problems to be solved by the Invention 

[0004] 

Various studies have been made to enhance the performance 
of a bipolar transistor. For example, a HBT (Hetero- junction 
Bipolar Transistor) technique has been studied to increase a 
current amplification factor. The HBT is a bipolar transistor 
having the hetero junction (junction of different kinds) 
structure which increases an emitter inhibition band width of 
an emitter-base junction larger than a width of the base, and 
the junction of semiconductors of different kinds such as SiGe, 
Si, for example, is used for joining of the base and the emitter. 
This HBT is capable of performing a single power source 
operation as a high-output device used in a high-output 
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amplifier and also possesses advantageous properties such as 
an operation with high efficiency and hence, the HBT has been 
mainly developed and manufactured for mobile phones. 
[0005] 

Recently, SiGe:C which is formed by adding C (carbon) 
to SiGe has been developed as a material of the base of the 
HBT. Since C is an element which has a smaller atomic radius 
compared to Si or Ge and hence, SiGerC has a smaller lattice 
constant than SiGe and hence, a strain can be reduced. Further, 
due to the alleviation of the strain, the thermal stability 
is enhanced. Still further, a conductive type of the base of 
the HBT is a p-type and hence, a p-type impurity, for example, 
B (boron) is added to a base material. However, B exhibits 
a high diffusion coefficient and hence, B spreads by moving 
between Si lattices by heat treatment thus increasing the base 
resistance whereby the fluctuation of property of the HBT is 
induced. However, with the addition of C to SiGe, C enters 
between the lattices of SiGe thus preventing the diffusion of 
B. 

[0006] 

Further, SiGerC is used not only as the material of a 
channel of HBT but also as a material of a channel of a 
MIS-FET (Metal Insulator Semiconductor Field Effect 
Transistor) which represents a field effect transistor. When 
the Si/SiGe:C structure is formed as a channel on a Si substrate, 



a strain is applied to Si due to the difference between a lattice 
constant of Si and a lattice constant of SiGe:C. Accordingly, 
the energy band structure of Si may be changed thus enhancing 
electron mobility or the hole mobility in the channel. 
[0007] 

However, with respect to SiGe:C which is formed by an 
epitaxial growth technique, there exist various technical 
tasks which are explained hereinafter. 
[0008] 

SiGerC is formed by the epitaxial growth technique using 
a CVD (Chemical Vapor Deposition) device. SiH 2 CH 2 , SiH 3 CH 3 , 
GeH 4 , SiH 4 or the like may be used as a raw material gas and 
H 2 is used as a carrier gas. When a concentration profile of 
C, Ge and O(oxygen) of SiGerC (Ge concentration: 10%) which 
is formed using an epitaxial growth is analyzed using a SIMS 
(Secondary Ion Mass Spectrometry) , oxgen-based impurity at a 
level of 1x10 cm which is approximately ten times as large 
as the oxgen-based impurity of SiGe formed by the epitaxial 
growth is detected. 
[0009] 

Further, it has been found that the concentration of the 
oxygen-based impurity which is taken into SiGerC depends on 
the C concentration or the Ge concentration and the 
concentration of the oxygen-based impurity is increased 
corresponding to the increase of the C concentration or the 
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Ge concentration. This may be attributed to a fact that Ge-0 
joining energy ( 65 9 . 4±12 . 6/kJmol -1 ) is larger than Ge-Si 
joining energy (301 . 0±21 . 0/kJmol" 1 ) , Ge-C joining energy 
(460. 0±21. 0/kJmol" 1 ) and Ge-Ge joining energy 

(263 . 6±7 . 1/kJmol" 1 ) and O is liable to be easily joined to Ge . 
[0010] 

However, when the SiGe layer is grown by the epitaxial 
growth by allowing a gas which contains Si (for example, SiH 4 , 
SiH 2 Cl 2 or the like) to react with a gas which contains Ge (for 
example, GeH 4 ) , the oxygen concentration is equal to or less 
than a detection limit. Further, when epitaxial growth films 
are respectively formed by allowing a raw material gas SiH 3 CH 3 
which adds C or a raw material gas GeH 4 which adds Ge with a 
gas which contains Si (for example, SiH 4 , SiH2Cl2 or the like) , 
the oxygen-based impurity concentration which is detected by 

18 — 3 

the SIMS in these films is far lower than 1x10 cm that is, 

17 —3 

at a level of 1x10 cm or equal to or below a detection limit. 
From above, it is estimated that in forming SiGe:C by the 
epitaxial growth, the Ge atoms fetch the oxygen-based impurity 
contained in S1H3CH3 so that the oxygen-based impurity is mixed 
into SiGe:C. 
[0011] 

When SiGe:C is used as a material of the base of HBT, 
due to the oxygen-based impurity which is fetched by SiGe:C, 
a lifetime of a carrier is lowered. Accordingly, a re-coupling 
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current is increased in the base of HBT and hence, the base 
current is increased thus giving rise to a drawback that hFE 
(emitter ground current gain) is lowered. Further, in SiGe:C, 
due to defects such as OSF, a stacking defect or the like 
attributed to oxygen atom, a point defect, a line defect or 
a face defect is induced and a current flows along an interface 
of the defect. This current cannot be controlled with a bias 
and becomes a leaked current. Accordingly, the use of SiGe:C 
in the base of the HBT or in the channel of the MIS-FET 
deteriorates the reliability such as a breakdown strength of 
the HBT or the MIS-FET . 
[0012] 

It is an object of the present invention to provide a 
technique which can reduce the concentration of the 
oxygen-based impurity which is contained in SiGe:C which is 
formed by an epitaxial growth. 
[0013] 

The above-mentioned and other objects and novel features 
of the present invention will become apparent from the 
description of the specification and attached drawings. 

Means for solving the Problems 
[0014] 

To briefly explain the summary of typical inventions 
among the inventions disclosed in this specification, they are 
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as follows. 
[0015] 

In a manufacturing method of a semiconductor device (or 
an integrated circuit device, a semiconductor integrated 
circuit device, an electronic device or like) according to the 
present invention, SiH3CH3 having the concentration of 1 to 
10% is diluted with H 2 and the diluted SiH 3 CH 3 is supplied to 
a chamber of an epitaxial device at a predetermined flow rate 
thus reducing the -concentration of oxygen-based impurity 
introduced from SiH 3 CH 3 in the inside of the chamber. 
Accordingly, the concentration of the oxygen-based impurity 
contained in SiGe:C which is formed by an epitaxial growth is 
reduced . 
[0016] 

The semiconductor device according to the present 
invention uses SiGerC as a material of a base of a HBT or a 
channel of a MIS-FET, wherein the SiGerC is formed by diluting 
SiH 3 CH 3 having the concentration of 1 to 10% with H 2 and by 
supplying the diluted SiH 3 CH 3 to a chamber of an epitaxial 
device at a predetermined flow rate thus setting the 
concentration of oxygen-based impurity which is formed by an 
epitaxial growth to lxl0 19 cm~ 3 or less. 
[0017] 

The summary of other inventions which are disclosed in 
this specification are described by dividing into some 
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paragraphs described hereinafter. 

1. A manufacturing method of a semiconductor device 
including the steps of: 

(a) diluting a first gas which contains C of high 
concentration with a second gas; 

(b) supplying a portion of the diluted first gas into 
a reaction chamber while using a third gas as a carrier gas; 

(c) supplying a fourth gas containing Si and a fifth gas 
containing Ge into a reaction chamber while using the third 
gas as a carrier gas; and 

(d) forming SiGe:C by an epitaxial growth in the reaction 
chamber . 

2 . In the manufacturing method of a semiconductor device 
described in the paragraph 1, the first gas is SiH 3 CH 3/ 
SiH 2 (CH 3 ) 2 , SiH(CH 3 ) 3 or Si(CH 3 ) 4 . 

3 . In the manufacturing method of a semiconductor device 
described in the paragraph 1, the second gas is H 2 . 

4 . In the manufacturing method of a semiconductor device 
described in the paragraph 1, the first gas is SiH 3 CH 3 , and 
the concentration of SiH 3 CH 3 is 0.1 to 20%. 

5 . In the manufacturing method of a semiconductor device 
described in the paragraph 1, the first gas is SiH 3 CH 3 , and 
the concentration of SiH 3 CH 3 is. 0.2 to 10%. 

6 . In the manufacturing method of a semiconductor device 
described in the paragraph 1, the first gas is SiH 3 CH 3/ and 
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the concentration of SiH3CH 3 is 0.6 to 5%. 

7. In the manufacturing method of a semiconductor device 
described in the paragraph 1, the degree of dilution of the 
first gas is 2 to 100. 

8. In the manufacturing method of a semiconductor device 
described in the paragraph 1, the degree of dilution of the 
first gas is 3 to 40. 

9. In the manufacturing method of a semiconductor device 
described in the paragraph 1, the degree of dilution of the 
first gas is 4 to 20. 

10 . In the manufacturing method of a semiconductor device 
described in the paragraph 1, the concentration of oxygen-based 
impurity contained in the SiGe:C is equal to or less than 
5xl0 19 cm" 3 . 

11 . In the manufacturing method of a semiconductor device 
device described in the paragraph 1, the concentration of 
oxygen-based impurity contained in the SiGerC is equal to or 

19 -3 

less than 1x10 cm 

12 . In the manufacturing method of a semiconductor device 
described in the paragraph 1, the concentration of oxygen-based 
impurity contained in the SiGe:C is equal to or less than 
5xl0 18 cm~ 3 . 

13. A semiconductor device in which SiGerC is formed by 
an epitaxial growth and the concentration of oxygen-based 

19-3 

impurity in the SiGerC is equal to or less than 1x10 cm when 
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2 0 - 3 

the concentration of C is 3x10 cm 

14. In the semiconductor device described in the 
paragraph 13, the SiGe:C constitutes a portion of a base of 
a bipolar transistor. 

15. In the semiconductor device described in the 
paragraph 14, the concentration of Ge contained in SiGe:C is 
set to a value which falls within a range from 10 to 40%. 

16. In the semiconductor device described in the 
paragraph 13, the SiGe:C constitutes a channel of a MISFET. 

17. In the semiconductor device described in the 
paragraph 16, the concentration of Ge contained in the SiGerC 
is set to a value which falls within a range from 20 to 60%. 
[0018] 

The summary of other inventions which are disclosed in 
this specification are described by dividing into some 
paragraphs described hereinafter. 

1. A manufacturing method of a semiconductor device 
including the steps of: 

(a) preparing a first raw material gas which contains 
a silane-based compound gas containing carbon atoms (a compound 
such as mono-silane, di-silane, tri-silane or the like which 
substitutes hydrogen with a single or a plurality of groups 
such as methyl groups or alkyl groups which mainly contain 
carbon and hydrogen as main constitutional elements) with the 
first concentration of 0.3% or more in a first hydrogen gas 
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(here, the hydrogen gas meaning the hydrogen gas which excludes 
the silane-based compound gas which is an object to be diluted) 
(here, the preparation meaning, for example, a manipulation 
to allow the first raw material gas to flow toward a reaction 
chamber from a gas cylinder in which the first raw material 
gas is filled) ; 

(b) producing a first diluted raw material gas containing 
the silane-based compound gas with the second concentration 
lower than the first concentration by diluting the first raw 
material gas with a second hydrogen gas (the hydrogen gas being 
supplied to the reaction chamber by way of a purifier and hence, 
the concentration of the oxygen-based impurity thereof is 
largely reduced) ; 

(c) supplying at least a first portion of the first 
diluted raw material gas (the first portion may be the whole 
first diluted raw material gas when necessary) into the inside 
of a reaction chamber in which a wafer to be treated is 
accommodated; and 

(d) forming a SiGe:C epitaxial layer or a SiGe:C-based 
epitaxial layer on a first main surface of the wafer to be 
treated using the first portion of the supplied fist diluted 
raw material gas. 

2. In the manufacturing method of a semiconductor device 
described in the paragraph 1, a remaining second portion of 
the first diluted raw material gas is not supplied to the inside 
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of the reaction chamber (that is, the remaining second portion 
of the first diluted raw material gas is not introduced into 
a reaction path and is discharged to the outside via a vent 
or is made to return to a proper tank thus reducing the 
oxygen-based impurity contained in the raw material gas) . 

3. In the manufacturing method of a semiconductor device 
described in the paragraph 2 or 1, the first hydrogen gas and 
the second hydrogen gas have the substantially same 
concentration composition . 

4. In the manufacturing method of a semiconductor device 
described in any one of the paragraphs 1 to 3, the purity of 
the second hydrogen gas is 99.99% or more. 

5. In the manufacturing method of a semiconductor device 
described in any one of the paragraphs 1 to 4, the reaction 
chamber is an epitaxial layer forming reaction chamber of a 
single wafer epitaxial device (generally indicating an 
epitaxial device which treats one or two sheets of wafers at 
a time in the inside of the same reaction chamber, wherein the 
epitaxial device for processing one sheet being is specifically 
referred to as a one-sheet wafer epitaxial device for 
differentiating the device from a two-sheet wafer epitaxial 
device) . 

6. In the manufacturing method of a semiconductor device 
described in any one of the paragraphs 1 to 5, the reaction 
chamber is an epitaxial layer forming reaction chamber of a 



batch-type epitaxial device (generally indicating an 
epitaxial device which treats three or more sheets of wafers 
at a time in the inside of the same reaction chamber) . 

7. In the manufacturing method of a semiconductor device 
described in any one of the paragraphs 1 to 6, the epitaxial 
layer constitutes a portion of a base region of a HBT . 

8 . In the manufacturing method of a semiconductor device 
described in any one of the paragraphs 1 to 7, the epitaxial 
layer is a channel region of a strain SiGe-based MISFET. 

9. In the manufacturing method of a semiconductor device 
described in any one of the paragraphs 1 to 8, the degree of 
dilution of the first diluted raw material gas (that is, (flow 
rate of first diluted raw material gas + flow rate of second 
hydrogen gas) /flow rate of first diluted raw material gas) is 
set to a value which falls within a range from 2 to 100. 

10 . In the manufacturing method of a semiconductor device 
described in any one of the paragraphs 1 to 9, the degree of 
dilution of the first diluted raw material gas is set to a value 
which falls within a range from 3 to 50. 

11 . In the manufacturing method of a semiconductor device 
described in any one of the paragraphs 1 to 10, the degree of 
dilution of the first diluted raw material gas is set to a value 
which falls within a range from 4 to 20. 

12 . In the manufacturing method of a semiconductor device 
described in any one of the paragraphs 1 to 11, the degree of 
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dilution of the first diluted raw material gas is set to a value 
which falls within a range from 6 to 15. 

13 . In the manufacturing method of a semiconductor device 
described in any one of the paragraphs 1 to 12, the degree of 
introduction of the first diluted raw material gas (that is, 
(flow rate of first portion in first diluted raw material gas 
+ flow rate of second portion in first diluted raw material 
gas) / flow rate of first portion in first diluted raw material 
gas, that is, inverse number of numerical value which indicates 
a rate of first diluted raw material gas which is introduced 
into the reaction chamber) is set to a value which falls within 
a range from 2 to 100. 

14 . In the manufacturing method of a semiconductor device 
described in any one of the paragraphs 1 to 13, the degree of 
introduction of the first diluted raw material gas is set to 
a value which falls within a range from 3 to 50. 

15 . In the manufacturing method of a semiconductor device 
described in any one of the paragraphs 1 to 14, the degree of 
introduction of the first diluted raw material gas is set to 
a value which falls within a range from 4 to 20. 

16 . In the manufacturing method of a semiconductor device 
described in any one of the paragraphs 1 to 15, the degree of 
introduction of the first diluted raw material gas is set to 
a value which falls within a range from 6 to 15. 

17 . In the manufacturing method of a semiconductor device 
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described in any one of the paragraphs 1 to 16, the first 
concentration is equal to or more than 0.6%. 

18 . In the manufacturing method of a semiconductor device 
described in any one of the paragraphs 1 to 17, the first 
concentration is equal to or more than 1%. 

19 . In the manufacturing method of a semiconductor device 
described in any one of the paragraphs 1 to 18, the first 
concentration is equal to or more than 2%. 

20 . In the manufacturing method of a semiconductor device 
described in any one of the paragraphs 1 to 19, the first 
concentration is equal to or more than 5%. 

21. A manufacturing method of a semiconductor device 
including the steps of: 

(a) preparing a first raw material gas which contains 
a silane-based compound gas containing carbon atoms in a first 
hydrogen gas with a first concentration; 

(b) supplying the first raw material gas to the inside 
of a reaction chamber in which a wafer to be treated is 
accommodated; and 

(c) forming a SiGe:C epitaxial layer or a SiGe:C-based 
epitaxial layer on a first main surface of the wafer to be 
treated using the supplied first raw material gas, wherein the 
first concentration is 0.6% or more (that is, the first raw 
material gas with the high concentration. 

22 . In the manufacturing method of a semiconductor device 



described in the paragraph 21, the first concentration is equal 
to or more than 1%. 

23 . In the manufacturing method of a semiconductor device 
described in either of the paragraphs 21 to 22, the first 
concentration is equal to or more than 2%. 

24 . In the manufacturing method of a semiconductor device 
described in any one of the paragraphs 21 to 23, the first 
concentration is equal to or more than 5%. 

25 . In the manufacturing method of a semiconductor device 
described in any one of the paragraphs 21 to 24, the purity 
of the first hydrogen gas is 99.99% or more. 

26. In the manufacturing method of a semiconductor device 
described in any one of the paragraphs 21 to 25, the reaction 
chamber is an epitaxial layer forming reaction chamber of a 
single wafer epitaxial device. 

27 . In the manufacturing method of a semiconductor device 
described in any one of the paragraphs 21 to 26, the reaction 
chamber is an epitaxial layer forming reaction chamber of a 
batch-type epitaxial device. 

28 . In the manufacturing method of a semiconductor device 
described in any one of the paragraphs 21 to 27, the epitaxial 
layer constitutes a portion of a base region of a HBT . 

29 . In the manufacturing method of a semiconductor device 
described in any one of the paragraphs 21 to 28, the epitaxial 
layer is a channel region of a strain SiGe-based MISFET. 



16 



30. A manufacturing method of a semiconductor device 
including the steps of: 

(a) preparing a first raw material gas which contains 
a silane-based compound gas containing carbon atoms in a first 
hydrogen gas with a first concentration; 

(b) supplying the first raw material gas to the inside 
of a reaction chamber in which a wafer to be treated is 
accommodated; and 

(c) forming a SiGe:C epitaxial layer or a SiGe:C-based 
epitaxial layer on a first main surface of the wafer to be 
treated using the supplied first raw material gas, wherein the 
concentration of an oxygen-based impurity (impurity 
containing oxygen atoms, for example, an oxygen gas, a carbon 
dioxide gas, moisture such as vapor or the like) of the first 
raw material gas is less than 5ppm. 

31 . In the manufacturing method of a semiconductor device 
described in the paragraph 30, the concentration of the 
oxygen-based impurity of the first raw material gas is less 
than 3ppm. 

32 . In the manufacturing method of a semiconductor device 
described in the paragraph 30, the concentration of the 
oxygen-based impurity of the first raw material gas is less 
than lppm. 

33 . In the manufacturing method of a semiconductor device 
described in the paragraph 30, the concentration of the 
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oxygen-based impurity of the first raw material gas is less 
than 0 . 5ppm. 

34 . In the manufacturing method of a semiconductor device 
described in the paragraph 30, the concentration of the 
oxygen-based impurity of the first raw material gas is less 
than 0.2ppm. 

35 . In the manufacturing method of a semiconductor device 
described in the paragraph 30, the concentration of the 
oxygen-based impurity of the first raw material gas is less 
than 0 . lppm. 

36 . In the manufacturing method of a semiconductor device 
described in any one of the paragraphs 30 to 35, the 
manufacturing method further includes a following step of: 

(d) diluting the first raw material gas with a second 
hydrogen gas after the step (a) and before the step (b) . 

37 . In the manufacturing method of a semiconductor device 
described in any one of the paragraphs 30 to 36, in the step 
(b) , a first portion of the first raw material gas is supplied 
to the inside of the reaction chamber. 

38. A manufacturing method of a semiconductor device 
including the steps of: 

(a) preparing a first raw material gas which contains 
a silane-based compound gas containing carbon atoms in a first 
hydrogen gas with a first concentration; 

(b) supplying the first raw material gas to the inside 
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of a reaction chamber in which a wafer to be treated is 
accommodated; and 

(c) forming a SiGe:C epitaxial layer or a SiGe:C-based 
epitaxial layer on a first main surface of the wafer to be 
treated using the supplied first raw material gas, wherein in 
the step (b) , the first raw material gas is supplied to the 
reaction chamber through a purifier or a filter having an 
ability to remove an oxygen-based impurity gas. 

39 . In the manufacturing method of a semiconductor device 
described in the paragraph 38, the concentration of the 
oxygen-based impurity of the first raw material gas after 
passing the purifier or the filter is less than 5ppm. 

40 . In the manufacturing method of a semiconductor device 
described in the paragraph 38, the concentration of the 
oxygen-based impurity of the first raw material gas after 
passing the purifier or the filter is less than 3ppm. 

41 . In the manufacturing method of a semiconductor device 
described in the paragraph 38, the concentration of the 
oxygen-based impurity of the first raw material gas after 
passing the purifier or the filter is less than lppm. 

42 . In the manufacturing method of a semiconductor device 
described in the paragraph 38, the concentration of the 
oxygen-based impurity of the first raw material gas after 
passing the purifier or the filter is less than O.Sppm. 

43 . In the manufacturing method of a semiconductor device 
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described in the paragraph 38, the concentration of the 
oxygen-based impurity of the first raw material gas after 
passing the purifier or the filter is less than 0.2ppm. 

44 . In the manufacturing method of a semiconductor device 
described in the paragraph 38, the concentration of the 
oxygen-based impurity of the first raw material gas after 
passing the purifier or the filter is less than O.lppm. 

45 . In the manufacturing method of a semiconductor device 
described in any one of the paragraphs 38 to 35, the first raw 
material gas has the high concentration. 

4 6 . In the manufacturing method of a semiconductor device 
described in any one of the paragraphs 38 to 45, the 
manufacturing method further includes a following step of: 

(d) diluting the first raw material gas with a second 
hydrogen gas after the step (a) and before the step (b) . 

47 . In the manufacturing method of a semiconductor device 
described in any one of the paragraphs 38 to 46, in the step 
(b) , a first portion of the first raw material gas is supplied 
to the inside of the reaction chamber. 

48. A semiconductor device including the following 
constitution : 

(a) A base body having a first main surface; and 
(b) A SiGe:C based epitaxial layer which is formed on the first 
main surface, wherein the carbon concentration of the epitaxial 
layer is equal to or less than 3x10 cm and the oxygen-based 
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impurity concentration is equal to or less than 1x10 cm . 

49. In the semiconductor device described in the 
paragraph 48, the epitaxial layer constitutes a portion of a 
base of a bipolar transistor. 

50. In the semiconductor device described in the 
paragraph 49, the concentration of Ge which the epitaxial layer 
contains is set to a value which falls within a range from 10 
to 40%. 

51. In the semiconductor device described in the 
paragraph 48, the epitaxial layer constitutes a channel of a 
MISFET. 

52. In the semiconductor device described in the 
paragraph 51, the concentration of Ge which the epitaxial layer 
contains is set to a value which falls within a range from 20 
to 60%. 

53. A manufacturing method of a semiconductor device 
including the steps of : 

(a) preparing a first raw material gas which contains 
a silane-based compound gas containing carbon atoms in a first 
hydrogen gas (that is, a gas containing hydrogen as a main 
component) with a first concentration; 

(b) producing a first diluted raw material gas containing 
the silane-based compound gas with a second concentration lower 
than the first concentration by diluting the first raw material 
gas with a second hydrogen gas (that is, a gas which contains 
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hydrogen as a main component) ; 

(c) supplying the first diluted raw material gas into 
the inside of a reaction chamber in which a wafer to be treated 
is accommodated; and 

(d) forming a SiGerC epitaxial layer or the SiGe:C-based 
epitaxial layer on a first main surface of the wafer to be 
treated using the supplied first diluted raw material gas, 
wherein the first concentration is equal to or more than 0.6% 
(may be at least 0.3% or more). 

54 . In the manufacturing method of a semiconductor device 
described in the paragraph 53, the first concentration is equal 
to or more than 1% . 

55 . In the manufacturing method of a semiconductor device 
described in either one of the paragraph 53 or 54, the first 
concentration is equal to or more than 2%. 

56 . In the manufacturing method of a semiconductor device 
described in any one of the paragraphs 53 to 55, the first 
concentration is equal to or more than 5%. 

57 . In the manufacturing method of a semiconductor device 
described in any one of the paragraphs 53 to 56, the purity 
of the first hydrogen gas is equal to or more than 99.99%. 

58 . In the manufacturing method of a semiconductor device 
described in any one of the paragraphs 53 to 57, the reaction 
chamber is an epitaxial layer forming reaction chamber of a 
single wafer epitaxial device. 
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59 . In the manufacturing method of a semiconductor device 
described in any one of the paragraphs 53 to 58, the reaction 
chamber is an epitaxial layer forming reaction chamber of a 
batch-type epitaxial device. 

60 . In the manufacturing method of a semiconductor device 
described in any one of the paragraphs 53 to 59, the epitaxial 
layer constitutes a portion of a base region of a HBT . 

61 . In the manufacturing method of a semiconductor device 
described in any one of the paragraphs 53 to 60, the epitaxial 
layer is a channel region of a strain SiGe-based MISFET. 

Advantageous effects of the present invention 
[0019] 

To briefly explain advantageous effects obtained by 
typical inventions among the inventions disclosed in this 
application, they are as follows. 
[0020] 

Since the concentration of the oxygen-based impurity 
contained in SiGe:C which is formed by the epitaxial growth 
can be reduced, even when SiGe:C is used as the material of 
the base of the HBT, it is possible to prevent the lowering 
of a lifetime of a carrier attributed to the oxygen-based 
impurity. As a result, it is possible to enhance the hFE. 
Further, even when SiGe:C is used as the material of the base 
of the HBT or the channel of the MIS-FET, a crystal defect 
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attributed to oxygen atoms can be reduced and hence, a leaked 
current can be reduced thus enhancing the breakdown strength. 

Brief Description of the Drawings 
[0021] 

Fig. 1 is a cross-sectional view of an essential part 
of a substrate showing a manufacturing step of a HBT which uses 
a selective SiGerC as a material of a base according to an 
embodiment 1 of the present invention. 

Fig. 2 is a cross-sectional view of an essential part 
of the same place in Fig. 1 showing a manufacturing step of 
the HBT which follows the manufacturing step shown in Fig. 1. 

Fig. 3 is a cross-sectional view of an essential part 
of the same place in Fig. 1 showing a manufacturing step of 
the HBT which follows the manufacturing step shown in Fig. 2. 

Fig. 4 is a cross-sectional view of an essential part 
of the same place in Fig. 1 showing a manufacturing step of 
the HBT which follows the manufacturing step shown in Fig. 3. 

Fig. 5 is a cross-sectional view of an essential part 
of the same place in Fig. 1 showing a manufacturing step of 
the HBT which follows the manufacturing step shown in Fig. 4. 

Fig. 6 is a cross-sectional view of an essential part 
of the same place in Fig. 1 showing a manufacturing step of 
the HBT which follows the manufacturing step shown in Fig. 5. 

Fig. 7 is a cross-sectional view of an essential part 



of the same place in Fig. 1 showing a manufacturing step of 
the HBT which follows the manufacturing step shown in Fig. 6. 

Fig. 8 is an enlarged view of an essential part of a 
substrate showing the base of the HBT according to the 
embodiment 1 of the present invention. 

Fig. 9 is a view showing a piping structure of an epitaxial 
device which is used for forming the base of the HBT according 
to the embodiment 1 of the present invention. 

Fig. 10 is a SIMS profile of impurities of SiGe:C formed 
by an epitaxial growth using undiluted SiH 3 CH 3 . 

Fig. 11 (a) is a SIMS profile of impurities of SiGe formed 
by an epitaxial growth, and Fig. 11(b) is a SIMS profile when 
Ge is doped with GeH 4 and C is doped with SiH 3 CH 3 in a respective 
box shape during an epitaxial growth of Si using SiH 4 . 

Fig. 12 is a view showing an SiH 3 CH 3 concentration and 
the theoretical concentration of oxygen-based impurity 
contained in SiH 3 CH 3 diluted with H 2 . 

Fig. 13(a) is a view showing a dilution effect of SiH 3 CH 3 
having the concentration of 1%, Fig. 13(b) is a view showing 
a dilution effect of SiH 3 CH 3 having the concentration of 5%, 
Fig. 13(c) is a view showing a dilution effect of SiH 3 CH 3 having 
the concentration of 10%, and Fig. 13(d) is a view showing a 
concentration of undiluted SiH 3 CH 3 . 

Fig. 14 (a) is a view showing a ratio between a consumed 
quantity of diluted SiH 3 CH 3 having the concentration of 1%, 
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5% or 10% and a consumed quantity of undiluted SiH 3 CH 3 having 
the concentration of 0.1%, Fig. 14 (b) is a view showing a ratio 
between a cost performance of diluted SiH 3 CH 3 having the 
concentration of 1%, 5% or 10% and a cost performance of 
undiluted SiH 3 CH 3 having the concentration of 0.1%, and Fig. 
14 (c) is a view showing a cost ratio between undiluted SiH 3 CH 3 
having the concentration of 0.1% and diluted SiH 3 CH 3 having 
the concentration of 1%, 5% or 10%. 

Fig. 15 is a graph showing the relationship between the 
concentration of oxygen-based impurity contained in SiGe:C and 
the concentration of Ge contained in SiGe:C using the C 
concentration as a parameter. 

Fig. 16 is a graph showing the relationship between the 
concentrations of oxygen-based impurity and C contained in 
SiGerC which is formed by using undiluted SiH 3 CH 3 and SiGerC 
which is formed by using diluted SiH 3 CH 3 having the 
concentration of 1%, 5% or 10% and. 

Fig. 17 is a view showing an example of a gas flow rate 
adjusted by respective mass flow controllers in the epitaxial 
growth of the embodiment 1 of the present invention. 

Fig. 18 is a graph showing the relationship between a 
gas flow rate adjusted by respective mass flow controllers and 
time (Duration) according to the embodiment 1 of the present 
invention . 

Fig. 19 is a cross-sectional view of an essential part 
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of the same place in Fig. 1 showing a manufacturing step of 
the HBT which follows the manufacturing step shown in Fig. 7. 

Fig. 20(a) is a view showing a piping structure of an 
epitaxial device which adopts SiH 3 CH 3 of high impurity of the 
embodiment 1 of the present invention, and Fig .20(b) is a view 
showing a piping structure of an epitaxial device which adopts 
the dilution of SiH 3 CH 3 using a carrier gas of the embodiment 
1 of the present invention. 

Fig. 21 is a view showing a piping structure of an 
epitaxial device to which a purifier is added according to the 
embodiment 1 of the present invention. 

Fig. 22 is a cross-sectional view of an essential part 
of a substrate showing a manufacturing step of a HBT which uses 
a nonselective SiGerC as a base according to an embodiment 2 
of the present invention. 

Fig. 23 is a cross-sectional view of an essential part 
of the same place in Fig. 22 showing a manufacturing step of 
the HBT which follows the manufacturing step shown in Fig. 22. 

Fig. 24 is a cross-sectional view of an essential part 
of the same place in Fig. 22 showing a manufacturing step of 
the HBT which follows the manufacturing step shown in Fig. 23. 

Fig. 25 is a cross-sectional view of an essential part 
of the same place in Fig. 22 showing a manufacturing step of 
the HBT which follows the manufacturing step shown in Fig. 24. 

Fig. 26 is a cross-sectional view of an essential part 



of the same place in Fig. 22 showing a manufacturing step of 
the HBT which follows the manufacturing step shown in Fig. 25. 

Fig. 27 is a cross-sectional view of an essential part 
of the same place in Fig. 22 showing a manufacturing step of 
the HBT which follows the manufacturing step shown in Fig. 26. 

Fig. 28 is a cross-sectional view of an essential part 
of a substrate showing an n-channel MIS-FET which forms a 
channel using a strain SiGerC of an embodiment 3 of the present 
invention . 

Fig. 29 is a cross-sectional view of an essential part 
of a substrate showing a p-channel MIS-FET which forms a channel 
using a strain SiGerC of the embodiment 3 of the present 
invention . 

Fig. 30 is a cross-sectional view of an essential part 
of a substrate showing a manufacturing step of an n-channel 
MIS-FET which forms a channel using a nonselective SiGerC of 
the embodiment 3 of the present invention. 

Fig. 31 is a cross-sectional view of an essential part 
of the same place in Fig. 30 showing a manufacturing step of 
an n-channel MIS-FET which follows the manufacturing step shown 
in Fig. 30. 

Fig. 32 is a cross-sectional view of an essential part 
of the same place in Fig. 30 showing a manufacturing step of 
an n-channel MIS-FET which follows the manufacturing step shown 
in Fig. 31. 
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Fig. 33 is a cross-sectional view of an essential part 
of the same place in Fig. 30 showing a manufacturing step of 
an n-channel MIS-FET which follows the manufacturing step shown 
in Fig. 32. 

Fig. 34 is a cross-sectional view of an essential part 
of the same place in Fig. 30 showing a manufacturing step of 
an n-channel MIS-FET which follows the manufacturing step shown 
in Fig. 33. 

Fig. 35 is a cross-sectional view of an essential part 
of a substrate showing a manufacturing step of an n-channel 
MIS-FET which forms a channel using a selective SiGe:C according 
to the embodiment 3 of the present invention. 

Fig. 36 is a cross-sectional view of an essential part 
of the same place in Fig. 35 showing a manufacturing step of 
an n-channel MIS-FET which follows the manufacturing step shown 
in Fig. 35. 

Fig. 37 is a cross-sectional view of an essential part 
of the same place in Fig. 35 showing a manufacturing step of 
an n-channel MIS-FET which follows the manufacturing step shown 
in Fig. 36. 

Fig. 38 is a cross-sectional view of an essential part 
of the same place in Fig. 35 showing a manufacturing step of 
an n-channel MIS-FET which follows the manufacturing step shown 
in Fig. 37. 

Fig. 39 is a cross-sectional view of an essential part 
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of the same place in Fig. 35 showing a manufacturing step of 
an n-channel MIS-FET which follows the manufacturing step shown 
in Fig. 38. 

Fig. 40 is a cross-sectional view of an essential part 
of the same place in Fig. 35 showing a manufacturing step of 
an n-channel MIS-FET which follows the manufacturing step shown 
in Fig. 39. 

Best Mode for Carrying out the Invention 
[0022] 

In the embodiments described hereinafter, when it is 
necessary for the convenience sake, the invention is explained 
by dividing the invention into a plurality of sections or 
embodiments. However, unless otherwise explicitly described, 
these sections or embodiments are not irrelevant to each other, 
wherein there exists a relationship that one section or 
embodiment is a modification, a detail, a complementary 
explanation of a portion or the whole of other section or 
embodiment . 
[0023] 

Further, in the embodiments described hereinafter, when 
the number of elements and the like (including pieces, 
numerical values, quantity, range and the like) are referred 
to, unless otherwise particularly specified or the number is 
apparently limited to a specified number in principle, the 
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number is not limited to the specified number and may be set 
to a value which is larger or lower than the specified number. 
[0024] 

Further, in the embodiment described hereinafter, it is 
needless to say that the constitutional features (including 
element steps and the like) are not always indispensable unless 
otherwise specified or unless they are considered indefinitely 
indispensable in principle. 
[0025] 

In the same manner, in the embodiments described 
hereinafter, when the reference is made with respect to the 
shape, the positional relationship and the like of the 
constitutional features, unless otherwise specified or unless 
it is indefinitely considered unreasonable in view of the 
principle, these shapes and positional relationship 
substantially include those which approximate or are similar 
to these shapes. The same goes for the above-mentioned 
numerical values and ranges. 
[0026] 

Further, in all drawings for explaining this embodiments, 
parts having identical functions are given same symbols and 
their repeated explanation is omitted. 
[0027] 

Further, the wafer means a silicon single-crystal 
substrate (having a substantially planner circular shape in 
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general) , a sapphire substrate, a glass substrate, other 
insulating, non-insulating or semiconductor substrates, and 
a composite substrate thereof used for manufacturing 
integrated circuits. Further, in this specification, in the 
present invention, the ''semiconductor device' 7 includes not 
only a semiconductor device which is formed on the 
semiconductor or insulating substrate such as the silicon wafer 
or the sapphire substrate but also a semiconductor device which 
is formed on other insulating substrate made of glass or the 
like such as TFT (Thin-Film-Transistor) and STN 

(Super-Twisted-Nematic) liquid crystal or the like unless 
otherwise specified . 

[0028] 

Here, in the embodiments described hereinafter, to make 
the embodiments conform to a specific device and other 
conditions and requirements (to ensure controllability in view 
of a width of an adjustment of a doping quantity, for example) , 
besides the silane-based raw material gas which contains carbon, 
the introduction of various gases into the reaction chamber 
due to the discharge of some gases by dilution and venting is 
stabilized, is performed with high accuracy and improved 
controllability. However, the method for introducing the 
respective gases is not limited to these methods, and various 
gases may be introduced by a simple direct introduction method, 
or by simple dilution, or by a method which uses only partial 
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venting. The same goes for the supply of the silane-based raw 
material gas which contains carbon. 
[0029] 

Here, when the gases referred in this specification, for 
the sake of brevity, the gases referred using the name of a 
main component which constitutes the gas or particularly 
focused element, atom or molecule. However, it is needless 
to say that unless otherwise specified or when such a naming 
is not proper in view of principles, the gas is allowed to 
contain other gases (added gas, diluted gas or the like) . 
[0030] 

Hereinafter, embodiments according to the present 
invention are explained in detail in conjunction with drawings. 
[0031] 

(Embodiment 1) 

A manufacturing method of a HBT using selective SiGe:C 
as a base according to this embodiment is explained in order 
of steps in conjunction with Fig. 1 and Fig. 2. 
[0032] 

First of all, as shown in Fig. 1, a substrate 1 is prepared. 
A substrate 1 at this stage is formed of a member having a planer 
approximately circular shape which produces a semiconductor 
wafer and is formed of an n + type silicon single crystalline 
which is formed by a crystal pulling method such as Czochralski 
method, for example. The resistivity of the substrate 1 is, 
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for example, 3 to 6mQcm. Next, an n type impurity is injected 
by ion implantation into the substrate 1 thus forming n well 

(collector) 2. Subsequently, a silicon oxide film is formed 
on a surface of the substrate 1 by a thermal oxidation method 
and, thereafter, a silicon nitride film is stacked on the 
substrate 1 by a CVD method. Subsequently, the silicon nitride 
film is etched using a patterned resist as a mask and the resist 
is removed and, thereafter, by a selective thermal oxidation 
method, an LOCOS oxide film 3 having a thickness of 
approximately 200 to 400nm is formed in an element isolation 
region of the substrate 1. An active region of the substrate 
1 is defined by the LOCOS oxide film 3. Thereafter, the 
above-mentioned silicon nitride film is removed. Here, the 
element isolation is not limited to the LOCOS oxide film 3, 
and a groove-type element isolation in which an insulation film 
is embedded in a groove may be used, for example. 

[0033] 

Next, as shown in Fig. 2, on the substrate 1, an insulation 
film 4 having a thickness of approximately 50 to 200 and a 
silicon poly-crystalline film 5 having a thickness of 
approximately 50 to 400nm are sequentially stacked. As the 
insulation film 4, for example, a silicon oxide film which is 
formed by stacking by a plasma CVD method which uses TEOS (Tetra 
Ethyl Ortho silicate: Si(OC2H5)4) and ozone (O3) as source 
gasses or a CVD method which thermally decomposes organic 
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silane can be exemplified. The silicon oxide film has a density 
which is smaller than a density of a silicon oxide film which 
is formed into a silicon single crystal by thermal oxidation 
and has a wet etching speed which is approximately 10 times 
as fast as a wet etching speed of a silicon oxide film' formed 
by thermal oxidation. Subsequently, a p-type impurity, for 
example, B is injected by ion implantation into the silicon 
poly-crystalline film 5 thus forming conductive type of the 
silicon poly-crystalline film 5 into p + type. 
[0034] 

Next, as shown in Fig. 3, on the substrate 1, a silicon 
nitride film 6 having a thickness of approximately 50 to 200nm 
and an insulation film 7 having a thickness of approximately 
50 to 200nm are sequentially stacked. 
[0035] 

Next, as shown in Fig. 4, the insulation film 7, the 
silicon nitride film 6 and the silicon poly-crystalline film 
5 are sequentially etched using a patterned resist as a mask 
and the insulation film 4 is exposed in the region where the 
HBT is formed thus forming an emitter opening portion 8. A 
base-pull-out electrode is formed on the formed silicon 
poly-crystalline film 5. 
[0036] 

Next, as shown in Fig. 5, on the substrate 1, a silicon 
nitride film having a thickness of approximately 10 to lOOnm 
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is stacked and the silicon nitride film is etched by anisotropic 
etching using a RIE method, for example, and spacers 9 are 
formed on a side wall of the emitter opening portion 8. 
[0037] 

Next, as shown in Fig. 6, the insulation film 7 is removed 
by a wet etching and a portion of the insulation film 4 which 
is exposed is removed thus exposing a surface of the active 
region of the substrate 1 (n well 2) . Here, a portion of the 
insulation film 4 below the silicon poly-crystalline film 5 
is also subjected to the wet etching thus generating a gap 
having a size of approximately lOnm. 
[0038] 

Next, as shown in Fig. 7, SiGe:C is selectively formed 
on the surface of the active region of the substrate 1 (n well 
2) by epitaxial growth thus forming a base 10 of the HBT . 
Hereinafter, a forming method of selective SiGe:C is explained 
in detail. 
[0039] 

Fig. 8 shows an enlarged view of an essential part of 
the substrate which indicates the base. The base 10 includes, 
sequentially from bottom, SiGe:C (hereinafter, referred to as 
i-SiGe:C) 10a which forms an intrinsic semiconductor, SiGe:C 
(hereinafter, referred to as p + -SiGe:C) 10b which forms a p + 
type semiconductor having a relatively high concentration, 
SiGe:C (hereinafter, referred to as p~-SiGe : C ) 10c which forms 



a p~ type semiconductor having a relatively low concentration 
and SilOd. Thicknesses of i-SiGe:C10a, p + -SiGe : ClOb, 
p~-SiGe:C10c and SilOd are, for example, respectively, 
approximately 3 to 30nm, approximately 3 to 8nm, approximately 
3 to lOnm and approximately 5 to 50nm. 
[0040] 

Fig. 9 shows a piping structure of epitaxial device for 
forming a base of the HBT which constitutes the embodiment 1. 
Here, a single epitaxial device which performs processing for 
every one sheet of wafer is exemplified. However, a batch-type 
epitaxial device in which several sheets of wafers are 
collectively subjected to the simultaneous processing may be 
used (generally, in a wafer having a size equal to or more than 
6 inches, that is, 150mm, single epitaxial device is 
advantageous from a viewpoint of the uniformity in the inside 
of the wafer. However, from a view point of the processing 
ability, there arises a case that the batch-type is 
advantageous. When the size of wafer is equal to or more than 
8 inches, that is, 200mm or equal to or more than 12 inches, 
that is, 30mm, the single epitaxial device is considered 
superior to the batch-type epitaxial device) . To a main 
process gas line MGL which is connected with a chamber (reaction 
chamber) 11, respective gas lines which supply a gas in which 
H (hydrogen) atom or CI (chlorine) atom is joined to H 2 atom 
and Si atom, for example, a gas which contains SiH 4 , Si2H 6 or 
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DCS (Dichlorosilane: SiH 2 Cl 2 ), Ge (for example, GeH 4 ), a gas 
which contains B (for example, B 2 H 6 ) , a gas which contains As 

(for example, AsH 3 ) , a gas which contains C (for example, 
SiH 3 CH 3 ) or the like are connected. Although, as a gas for 
supplying C, SiH 3 CH 3 is used, SiH 2 (CH 3 ) 2 , SiH(CH 3 ) 3 ^or Si(CH 3 ) 4 
may be also used. Although HC1 is inevitable at the time of 
performing a selective epitaxial growth which uses a gas 

(Si x H 2x+2 ) in which only H atom is joined to. Si atom, HC1 can 
be arbitrarily used at the time of using a gas which contains 
CI atom such as DCS. 

[0041] 

A flow rate of H 2 which forms a carrier gas is adjusted 
by a mass flow controller MFC1 and H 2 is made to flow in the 
main process gas line MGL and is supplied to the chamber 11 
of the epitaxial device. In the same manner, a flow rate of 
SiH 4 or DSC is adjusted by a mass flow controller MFC2 and a 
flow rate of GeH 4 is adjusted by a mass flow controller MFC3, 
and these gasses are made to flow in the main process gas line 
MGL from respective gas lines and are supplied to the chamber 
11. Further, in B 2 H 6 which has a flow rate thereof adjusted 
by a mass flow controller MFC4, H 2 which has a flow rate thereof 
adjusted by a mass flow controller MFC 5 is mixed thus B 2 H 6 is 
diluted before being connected with the main process gas line 
MGL. The diluted B 2 H 6 has a flow rate thereof adjusted by a 
mass flow controller MFC 6 and is made to flow in the main process 
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gas line MGL from the gas line and is supplied to the chamber 

11. The undesired diluted B2H6 is discharged from a vent line 

12. Further, to AsH 3 which has a flow rate thereof adjusted 
by a mass flow controller MFC7, H 2 which has a flow rate thereof 
adjusted by a mass flow controller MFC8 is mixed, and ASH3 is 
diluted before being connected with the main process gas line 
MGL. The diluted AsH 3 has a flow rate thereof adjusted by a 
mass flow controller MFC9 and is made to flow in the main process 
gas line MGL from the gas line and is supplied to the chamber 

11. The undesired diluted AsH 3 is discharged from a vent line 

12. Further, to SiH 3 CH 3 which has a flow rate thereof adjusted 
by a mass flow controller MFC10, H 2 which has a flow rate thereof 
adjusted by a mass flow controller MFC11 is mixed, and SiH 3 CH 3 
is diluted before being connected with the main process gas 
line MGL. The diluted SiH 3 CH 3 has a flow rate thereof adjusted 
by a mass flow controller MFC12 and is made to flow in the main 
process gas line MGL from the gas line and is supplied to the 
chamber 11. The undesired diluted SiH 3 CH 3 is discharged from 
a vent line 12. 

[0042] 

The purity of H 2 for dilution is set to equal to or more 
than 99.99% (purity in a gas cylinder or cylinder at the time 
of purchasing) , the concentration of 0 2 is set to a value equal 
to or less than 3ppm, the concentration of N 2 is set to a value 
equal to or less than 50ppm, and H 2 is supplied by concentrated 
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piping in a manufacturing plant. Further, before flowing into 
the epitaxial device, H 2 is made to pass through a hydrogen 
purifier (the device has an ability to remove oxygen-based 
impurity such as moisture, oxygen, carbon dioxide or the like 
and, after passing through this device, H 2 assumes a purity 
from 99.999% to 99.9999% or more) and the concentration of 
oxygen-based impurity of H 2 which is made to flow into a mass 
flow controller MFC11 assumes a value equal to or less than 
approximately 0.03ppm (the purity is higher when compared with 
the purity of silane-based carbon-contained gas which forms 
a undiluted gas. However, existence of another harmful adding 
gas or the like is allowed) . 
[0043] 

SiH 3 CH 3 is filled in the gas cylinder and is transported 
to a semiconductor manufacturing plant from a gas manufacturer. 
The concentration of oxygen-based impurity which is contained 
in SiH 3 CH 3 having a concentration of 100% as a silane-based 
compound gas containing carbon is generally set to a value less 
than lOppm, however, at the time of forming SiGe:C by an 
epitaxial growth, the oxygen-based impurity is mixed into 
SiGe : C . 
[0044] 

Fig. 10 is a SIMS profile of impurity which is contained 
in SiGerC formed by an epitaxial growth using undiluted SiH 3 CH 3 
having a concentration of 0.1%, and Fig. 11(a) is a SIMS profile 
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of SiGe formed by an epitaxial growth without using SiH 3 CH 3 . 
As shown in Fig. 10, the remarkable increase of a concentration 
of 0 is observed at a portion of SiGe:C where Ge is introduced 
and the concentration of O assumes a value equal to or more 
than 10 18 cirT 3 . However, as shown in Fig. 11(a), in SiGe formed 
by the epitaxial growth, a concentration of the oxygen-based 
impurity assumes equal to or less than the detection limit. 
That is, it is assumed that, at the time of epitaxial growth 
of SiGerC, the oxygen-based impurity which is contained in 
SiH 3 CH 3 is stored in SiGerC by Ge atom and the oxygen-based 
impurity is increased along with the increase of a 
concentration of Ge or a concentration of C. This is ensured 
by an experimental result that, in an experiment in which each 
of Ge or C is doped in a box shape during an epitaxial growth 
of Si as shown in Fig. 11(b), the concentration of the 
oxygen-based impurity is not increased. Accordingly, to 
reduce the oxygen-based impurity which is contained in SiGerC, 
it is effective to reduce the concentration of Ge or the 
concentration of C. However, to form SiGerC having a desired 
composition, it is not possible to reduce the concentration 
of Ge or the concentration of C. 
[0045] 

Accordingly, in this embodiment 1, SiH 3 CH 3 with high 
concentration is used, and SiH 3 CH 3 is diluted with H 2 and, 
thereafter, the diluted SiH 3 CH 3 is supplied to the chamber thus 
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reducing the concentration of the oxide-based impurity 
introduced from SiH 3 CH 3 in the inside of the chamber without 
reducing the C concentration whereby the concentration of the 
oxide-based impurity which the formed SiGe:C film contains can 
be reduced. Here, the high concentration implies that a value 
of the concentration falls within a range above 0.3% or more 
(in the present invention, in some cases, the high 
concentration means 1% or more, 2% or more or 5% or more 
depending on an object) . As a range which is suitable for mass 
production, it is preferable to set the concentration of SiH 3 CH 3 
to a value which falls within a range from 0 . 5 to 10% . Further, 
it is optimum to set the concentration of SiH 3 CH 3 to a value 
which falls within a peripheral range such as a range from 0.6 
to 5% or the like having a center value at 1 to 2% (it is needless 
to say that the concentration of SiH 3 CH 3 is not limited to such 
a range depending on other conditions) . Further, the low 
concentration refers to a range below 0.2% and, in the mass 
production, a peripheral range which has a center value at 0.05 
to 0.1% is applicable as a range of the low concentration (it 
is needless to say that the low concentration is not limited 
to such a range depending on other conditions) . 
[0046] 

Although the concentration of the oxide-based impurity 
which SiH 3 CH 3 contains is set to lOppm irrespective of the 
concentration of SiH 3 CH 3 in general, the theoretical 
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oxide-based impurity concentration which the diluted SiH 3 CH 3 
contains is calculated. Fig. 12 shows one example of the 
SiH 3 CH 3 concentration and the oxide-based impurity 
concentration collectively. The theoretical oxide-based 
impurity concentration is calculated such that 10ppmxl0%=lppm 
in case of SiH 3 CH 3 having the diluted concentration of 10%, 
10ppmx5% = 0 . 5ppm in case of SiH 3 CH 3 having the diluted 
concentration of 5%, 10ppmxl%=0 . lppm in case of SiH 3 CH 3 having 
the diluted concentration of II, and lOppmxO . 1%=0 . Olppm in case 
of SiH 3 CH 3 having the diluted concentration of 0.1%. 
Accordingly, corresponding to the decrease of the SiH 3 CH 3 
concentration, the theoretical oxide-based impurity 
concentration is reduced. 
[0047] 

Fig. 13 shows a reduction effect of the oxide-based 
impurity concentration when SiH 3 CH 3 is diluted collectively. 
Fig. 13(a) shows the dilution effect when SiH 3 CH 3 having the 
concentration of 1% is diluted with H 2 , Fig. 13(b) shows the 
dilution effect when SiH 3 CH 3 having the concentration of 5% 
is diluted with H 2 , Fig. 13(c) shows the dilution effect when 
SiH 3 CH 3 having the concentration of 10% is diluted with H 2 , and 
Fig. 13(d) shows the concentration of the undiluted SiH 3 CH 3 
for comparison. To allow DN (Dopant Number: effective flow 
rate) of C in the diluted SiH 3 CH 3 having concentration 1%, 5% 
or 10% to become 0.06, a flow rate (SCR) of SiH 3 CH 3 (MFC1 0 ) , 
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a flow rate (DIL) of H 2 (MFC11) and a flow rate (INJ) of 
SiH 3 CH 3 (MFC12 ) which is diluted with H 2 and flows into a main 
process gas line MGL are changed. DN is defined by a following 
formula ( 1 ) . 
[0048] 

DN=INJxSCR/ (SCR+DIL) formula (1) 

From Fig. 13, assuming that the SiH 3 CH 3 concentration and 
the oxide-based impurity concentration are proportional to 
each other, provided that the flow rate (INJ) of the diluted 
SiH 3 CH 3 is equal to the flow rate (SCR) of undiluted SiH 3 CH 3 
having the concentration of 0.1%, that is, the flow rate (INJ) 
and the flow rate (SCR) are the same 60sccm, it is understood 
that an effect to reduce the oxide-based impurity cannot be 
obtained even when SiH 3 CH 3 is diluted. However, when the flow 
rate (INJ) of the diluted SiH 3 CH 3 is increased, the dilution 
effect appears reversely proportional to the flow rate (INJ) 
of the diluted SiH 3 CH 3 . 
[0049] 

For example, assuming the flow rate (INJ) of the diluted 
SiH 3 CH 3 as 300sccm, when the SiH 3 CH 3 having the concentration 
of 1%, 5% or 10% is diluted and used, the oxide-based impurity 
concentration can be reduced to 1/5 compared to the case in 
which the undiluted SiH 3 CH 3 having the concentration of 0.1% 
is used. Further, assuming the flow rate (INJ) of the diluted 
SiH 3 CH 3 as 600sccm, when the SiH 3 CH 3 having the concentration 



of 1%, 5% or 10% is diluted and used, the oxide-based impurity 
concentration can be reduced to 1/10 compared to the case in 
which the undiluted SiH 3 CH 3 having the concentration of 0.1% 
is used. 
[0050] 

A dilution ratio of SiH3CH3 can be determined using the 
flow rate (SCR) of SiH 3 CH 3 and the flow rate (DIL) of H 2 and 
is expressed by SCR/ ( SCR+DIL) of the above-mentioned formula 
(1). Further, by determining the inverse number of the 
dilution ratio as the degree of dilution, a proper range of 
the degree of dilution is considered to be a range from 2 to 
100 (it is needless to say that the degree of dilution is not 
limited to such a range depending on other conditions) . A range 
from 3 to 50 is considered as a range suitable for mass 
production and a range from 4 to 20 is considered as an optimum 
range . 
[0051] 

Here, approximately 20slm of carrier gas (H 2 ) may be 
allowed to flow and hence, even when the flow rate (INJ) of 
the diluted SiH 3 CH 3 is increased from 60sccm to 300sccm, a 
change rate is 240sccm/20slm=l . 2% , while even when the flow 
rate (INJ) of the diluted SiH 3 CH 3 is increased from 60sccm to 
600sccm, a change rate is 54 0sccm/20slm=2 . 7 % . Accordingly, 
it is considered that the epitaxial growth is not influenced 
by the increase of the flow rate (INJ) of SiH 3 CH 3 . 
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[0052] 

Further, when SiH 3 CH 3 having the concentration of 1%, 5% 
or 10% is used in a diluted manner, it is possible to reduce 
a consumption amount and cost performance of SiH 3 CH3 compared 
to a case in which the undiluted SiH 3 CH 3 having the 
concentration of 0.1% is used. Fig. 14(a) shows a comparison 
between the consumption amount of SiH 3 CH 3 when SiH 3 CH 3 having 
the concentration of 1%, 5% or 10% is used in a diluted manner 
in a state that the flow rate (INJ) of the diluted SiH 3 CH 3 is 
300sccm and the consumption amount of SiH 3 CH 3 when the undiluted 
SiH 3 CH 3 having the concentration of 0.1% is used. Fig. 14(b) 
shows a comparison between the cost performance when SiH 3 CH 3 
having the concentration of 1%, 5% or 10% is used in a diluted 
manner in a state that the flow rate (INJ) of the diluted SiH 3 CH 3 
is 300sccm and the cost performance when the undiluted SiH 3 CH 3 
having the concentration of 0.1% is used. Further, Fig . 14(c) 
shows a comparison of costs among SiH 3 CH 3 having a concentration 
of 1%, 5% or 10% with respect to SiH 3 CH 3 having the concentration 
of 0.1%. The cost performance is expressed by following 
formula (2 ) . 
[0053] 

Cost performance = cost ratioxflow rate ratio 

formula (2) 

The SiH 3 CH 3 consumption amount when SiH 3 CH 3 having the 
concentration of 1%, 5% or 10% is used in a diluted manner 



becomes 1/6 of the SiH 3 CH 3 consumption amount when the undiluted 
SiH 3 CH3 having the concentration of 0.1% is used and hence, 
the use amount of SiH 3 CH 3 can be reduces by diluting SiH 3 CH 3 . 
Further, the cost performances when SiH 3 CH 3 having the 
concentration of 1%, 5% or 10% are used in diluted manner are 
respectively 0.28, 0.39 and 0.49 and hence, costs when SiH 3 CH 3 
having the concentration of 1%, 5% or 10% is used in a diluted 
manner become approximately 30%, approximately 4 0% and 
approximately 50% when SiH 3 CH 3 having the concentration of 0.1% 
is used. 
[0054] 

As mentioned previously, the oxide-based impurity which 
is taken into SiGerC is increased corresponding to the increase 
of the Ge concentration or the C concentration (see the 
above-described Fig. 10 and Fig. 11). Fig. 15 shows the 
relationship between the concentrations of the oxide-based 
impurity and the Ge which are contained in SiGe:C using the 
C concentration as a parameter. In the drawing, a solid line 
indicates the oxide-based impurity concentration of SiGe:C 
which is formed using the undiluted SiH 3 CH 3 , and a broken line 
indicates the oxide-based impurity concentration of SiGerC 
which is formed using the diluted SiH 3 CH 3 having the high 
concentration . 
[0055] 

For example, the concentration of Ge contained in SiGerC 
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which is used as a material of the base of the HBT may preferably 
be set to a value which falls within a range from 10 to 40% 

(It is needless to say that the Ge concentration is not limited 
to such a range depending on other conditions). The range 
suitable for mass production may be a range from 10 to 30%, 
while an optimum range may be a range from 15 to 20%. Further, 
the concentration of Ge contained in SiGe:C which is used as 
a material of a channel of the MIS-FET may preferably be set 
to a value which falls within a range from 20 to 60% (it is 
needless to say that the Ge concentration is not limited to 
such a range depending on other conditions) . The range 
suitable for mass production may be a range from 20 to 40%, 
while an optimum range may be a range from 15 to 30%. 

[0056] 

It is preferable to set the oxygen-based impurity 
concentration which may influence the HBT or the MIS-FET to a 
value equal to or more than 5xl0 19 cm~ 3 . It is preferable to 
set the oxygen-based impurity concentration which can ignore 
the influence to the HBT or the MIS-FET to a value which falls 
within a range less than 5xl0 19 cm" 3 / for example (The 
oxygen-based impurity concentration is not limited to such a 
range depending on conditions). The range suitable for mass 

19 -3 

production may be equal to or below 1x10 cm , while the optimum 

18 - 3 

range is equal to or below 5x10 cm 
[0057] 
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For example, in the SiGe:C having the C concentration 
of lxl0 20 cm" 3 which is formed by the undiluted diluted SiH 3 CH 3 , 
for example, the oxygen-based impurity concentration becomes 

19 — 3 

a value equal to or less than 1x10 cm with the Ge 
concentration within a range from 10 to 60% and this SiGe:C 
can be used as a material of the HBT or the MIS-FET. However, 

20 -3 

when the C concentration becomes higher than 1x10 cm , due 
to the increase of oxygen-based impurity concentration, it is 
difficult to use the SiGerC as a material of the base of the 
HBT or the channel of the MIS-FET. For example, in the SiGe:C 
having the C concentration of 2xl0 20 cm~ 3 which is formed using 
the undiluted diluted SiH 3 CH 3 , the oxygen-based impurity 
concentration with the Ge concentration of equal to less than 
40% becomes a value equal to or less than lxl0 19 cm~ 3 and hence, 
the SiGe:C may be used as a material of the HBT. On the other 
hand, when the Ge concentration exceeds 40%, the oxygen-based 

19 -3 

impurity concentration becomes equal to or more than 1x10 cm 
and hence, depending on the demanding characteristic, it is 
difficult to use the SiGerC in the MIS-FET in general. Further, 
in the SiGerC having the C concentration of 3xl0 20 cm~ 3 which 
is formed using the undiluted SiH 3 CH 3 , when the Ge concentration 
exceeds 17%, the oxygen-based impurity concentration becomes 
equal to or more than lxl0 19 cm~ 3 and hence, depending on the 
demanding characteristic, it is difficult to use the SiGerC 
in the base of the HBT or the channel of the MIS-FET in general. 
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[0058] 

Accordingly, by using the SiH 3 CH 3 having the 
concentration of 1%, 5% or 10% in a diluted manner, the 
concentration of the oxygen-based impurity contained in the 
SiGe:C is lowered without changing the C concentration. Fig. 
15 shows, as an example, the relationship between the the 
concentration of the oxygen-based impurity and the Ge contained 

20 -3 

in the SiGerC having the C concentration of 2x10 cm which 
reduces the concentration of the oxygen-based impurity to 1/10 
is shown. For lowering the oxygen-based impurity concentration, 
the diluted SiH 3 CH 3 having the concentration of 1%, 5% or 10% 
is used. By reducing the oxygen-based impurity concentration 
to 1/10, it is possible to set the oxygen-based impurity 

19 -3 

concentration to a value equal to or less than 1x10 cm even 
when the concentration of the Ge is 60% and hence, it is also 

20 -3 

possible to use SiGe:C having the C concentration of 2x10 cm 
in the channel of the MIS-FET which requires the Ge 
concentration of 20 to 60%. In the same manner, in the SiGerC 

2 0—3 

having the C concentration of 3x10 cm , it is possible to 
reduce the oxygen-based impurity concentration to 1/10 and 
hence, the SiGerC can be used as the material of the base of 
the HBT or the channel of the MIS-FET . 
[0059] 

Fig. 16 shows the relationship between the 
concentrations of the oxygen-based impurity and the C which 
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are contained in the SiGerC which is formed using the undiluted 
diluted SiH 3 CH 3 and the SiGerC which is formed using the diluted 
SiH3CH 3 having the high concentration. The Ge concentration 
is 17%, and the concentration of oxygen-based impurity 
contained in the SiGerC which is formed by the diluted SiH 3 CH 3 
having the high concentration is set to 1/10 of the 
concentration of oxygen-based impurity contained in the SiGerC 
which is formed using the undiluted diluted SiH 3 CH 3 . 
[0060] 

Even when the Ge concentration is constant, when the C 
concentration is increased, the oxygen-based impurity 
concentration contained in the SiGerC is increased. In the 
SiGerC which is formed using the undiluted SiH 3 CH 3 , when the 

20 — 3 

C concentration exceeds 3x10 cm , the oxygen-based impurity 

19 —3 

concentration becomes a value equal to or more than 1x10 cm 
and hence, it is difficult to use the SiGerC in the base of 
the HBT or the channel of the MIS-FET. However, In the SiGerC 
which is formed using the diluted SiH 3 CH 3 having the high 

2 0 —3 

concentration, when the C concentration exceeds 5x10 cm , the 
oxygen-based impurity concentration become a value equal to 

19 — 3 

or more than 1x10 cm and hence, it is possible to increase 
the concentration of C contained in the SiGerC than the 
concentration of SiGerC which is formed using the undiluted 
diluted SiH 3 CH 3 . 
[0061] 
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Next, the explanation is made with respect to one example 
of a process sequence for forming the base of the HBT which 
constitutes this embodiment 1. Fig* 17 shows one example of 
gas flow rates which are controlled by respective mass flow 
controllers (see Fig. 9) in an epitaxial growth, while Fig. 
18 shows the relationship between the gas flow rates which are 
controlled by respective mass flow controllers and time 
(duration) . The base of the HBT has the stacked structure in 
which i-SiGe:C, p + -SiGe:C, p"-SiGe:C and Si are formed from 
below in order by an epitaxial growth. In forming the i-SiGe:C, 
the p + -SiGe:C and the p~-SiGe:C, the SiH 3 CH 3 having the 
concentration of 1% is used. Here, to use p-type as the 
conductive type of the base, the mass flow controllers MFC4, 
5, 6 are opened to supply B to the SiGe:C, while the mass flow 
controllers MFC7, 8, 9 are closed to stop the supply of As. 
[0062] 

As shown in Fig. 17 and Fig. 18, by adjusting the mass 
flow controllers MFC, it is possible to supply desired gases 
at desired flow rates to the chamber. Here, H2 is used as the 
carrier gas and a constant flow rate (20slm) of carrier gas 
is made to flow through the mass flow controller MFC1 . First 
of all, SiH 4 (or DCS) and GeH 3 passes the mass flow controllers 
MFC2, 3 and is supplied to the chamber for 120 seconds thus 
forming the i-SiGe:C. Next, B 2 H 2 which is diluted with SiH 4 , 
GeH 4 and H 2 pass the mass flow controllers MFC2, 3, 4, 5, 6 
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and are supplied to the chamber for 30 seconds thus forming 
the p + -SiGe:C. Subsequently, B 2 H 2 which is diluted with SiH 4 , 
GeH 4 and H 2 passes the mass flow controllers MFC 2 , 3, 4, 5, 
6 and is supplied to the chamber for 60 seconds thus forming 
the p~-SiGe:C. In forming these SiGerCs, the SiH 3 CH 3 having 
the concentration of 1% and diluted with H 2 passes the mass 
flow controllers MFC10, 11, 12 and is supplied to the chamber. 
Accordingly, it is possible to reduce the oxygen impurities 
contained in the i-SiGe:C, the p + -SiGe:C and the p~-SiGe:C 
without lowering the concentration of C. Next, B 2 H 2 which is 
diluted with SiH 4 and H 2 passes the mass flow controllers MFC 2 , 
4, 5, 6 and is supplied to the chamber for 90 seconds thus forming 
the Si. When the DCS is used, the use of HC1 is arbitrary. 
When the SiH 4 is used, the use of HC1 becomes indispensable 
to ensure the selectivity. 
[0063] 

Next, as shown in Fig. 19, a silicon poly-crystalline 
film 13 to which the n-type impurity such as P (phosphorous), 
for example, is added is stacked on the substrate 1 and, 
subsequently, the silicon poly-crystalline film 13 is etched 
using a patterned resist as a mask. The formed silicon 
poly-crystalline film 13 forms an emitter of the HBT. 
Thereafter, an interlayer insulation film and a wiring layer 
are formed on the silicon poly-crystalline film 13 thus forming 
the HBT. However, the illustration in the drawing and the 



53 



explanation of these parts are omitted. 
[0064] 

Here, in the embodiment 1, the base of the HBT adopts 
the stacked structure which is formed of the i-SiGe:C, the 
p + -SiGe:C, the p~-SiGe:C and the Si. However, the base of the 
HBT is not limited to such structure and may adopt the stacked 
structure which is formed of, for example, the i-SiGe:C, the 
p + -SiGe:C and the Si. 
[0065] 

Further, in the embodiment 1, before being mixed with 
other process gases, the SiH 3 CH 3 having the high concentration 
is diluted with H 2 and the diluted SiH 3 CH 3 is made to flow into 
the main process gas line MGL and is supplied to the chamber 
whereby the oxygen-based impurity concentration contained in 
the SiGerC is reduced. However, the method which reduces the 
oxygen-based impurity contained in the SiH 3 CH 3 which is made 
to flow into the main process gas line MGL is not limited to 
such a method. 
[0066] 

For example, there is provided a method which adopts 
SiH 3 CH 3 having high purity (low oxygen-based impurity 
concentration). Fig. 20(a) shows the piping structure of an 
epitaxial device which adopts the SiH 3 CH 3 having high purity. 
This method has a drawback that when the purity of the SiH 3 CH 3 
is increased, a cost of the SiH 3 CH 3 is pushed up. However, this 
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method has an advantage that a desired characteristic can be 
obtained by merely changing gasses. In this case, a 
carbon-containing silane-based compound gas having the low 
concentration of less than 0.2% (diluted with a hydrogen gas 
or the like) is generally used. However, it may be possible 
to use a carbon-containing silane-based compound gas having 
the middle concentration which falls within a range more than 
0.2% and less than 0.3%. Further, in the same manner as the 
above-mentioned embodiment, it may be possible to use a 
carbon-containing silane-based compound gas having the high 
concentration, that is, more than 0 . 3% (further, when necessary, 
more than 0.6%, 1%, 2%, 5%). When the carbon-containing 
silane-based compound gas having the middle concentration or 
the high concentration is used, in the same manner as the 
above-mentioned embodiment, before being introduced into the 
reaction chamber, the carbon-containing silane-based compound 
gas is diluted with hydrogen or the like and only a portion 
of the gas is introduced into the reaction chamber whereby the 
impurity concentration is lowered. 
[0067] 

Further, as shown in Fig. 21, in place of using the 
carbon-containing silane-based compound gas having the high 
concentration, a usual carbon-containing silane-based 
compound gas may be made to pass through a gas purifier or a 
filter (an oxygen-based impurity removing device for 
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carbon-containing silane-based compound gas) which is 
connected with an epitaxial device and has an ability to remove 
the oxygen-based impurity and, then, the gas may be supplied 
to the reaction chamber. In this case, the oxygen-based 
impurity removing device for carbon-containing silane-based 
compound gas may be expensive compared with a corresponding 
device for hydrogen, the device has an advantage that a 
relatively inexpensive gas can be used. It is needless to say 
that a gas having high purity may be used. The dilution and 
a partial introducing method (combination) can be also used. 
[0068] 

Further, there is also provided a method which allows 
a large amount of carrier gas to flow into the main process 
guide line MGL. Fig. 20(b) shows the piping structure of an 
epitaxial device which adopts the dilution of S1H3CH3 with the 
carrier gas. In this method, to obtain the same concentration 
as the concentration of the method (see Fig. 9) which dilutes 
the SiH 3 CH 3 before the SiH 3 CH 3 is made to flow into the main 
process gas line MGL by diluting the SiH 3 CH 3 from 1/10 to 1/100, 
it is necessary to increase the flow rate of the carrier gas 
from 10 times to 100 times. Accordingly, it is necessary to 
increase an ability of an exhaust pump from 10 times to 100 
times . 
[0069] 

In this manner, according to this embodiment 1, the 
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SiH 3 CH 3 having the high concentration is diluted with H 2 and 
the SiH 3 CH 3 is supplied to the chamber of the epitaxial device 
at the predetermined flow rate and hence, the concentration 
of the oxygen-based impurity in the inside of the chamber is 
reduced whereby the concentration of the oxygen-based impurity 
which is contained in the selective SiGerC formed in a film 

19 -3 

is reduced to the value equal to or less than 1x10 cm 
Accordingly, even when the selective SiGe:C is used as the 
material of the base of the HBT, it is possible to prevent the 
lowering of the lifetime of the carrier attributed to the 
oxygen-based impurity. As a result, the re-coupling current 
in the base can be reduced thus reducing a base current and 
hence, it is possible to enhance the hFE compared to a case 
in which the SiH 3 CH 3 having the low concentration is supplied 
to the chamber without being diluted. Further, since the 
crystalline defect attributed to the oxygen atoms can be 
reduced, a leaked current of the SiGerC can be reduced. 
[0070] 

That is, as explained in the above-mentioned embodiment 
and as will be explained in an embodiment explained hereinafter, 
the concentration of the hydrogen-based gas which is introduced 
into the reaction chamber and contains the 
carbon-atom-containing silane-based compound gas is set 
higher than the concentration used in the reaction chamber. 
Before being introduced into the reaction chamber, the 
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above-mentioned gas having the high concentration (not limited 
to the gas having the concentration of the value equal to or 
more than 0.3%) is diluted to the concentration in the reaction 
chamber with the hydrogen-based gas (when necessary, the gas 
based on various atoms or molecules being used) and is 
introduced into the reaction chamber. In this case, when 
necessary, a portion of the diluted carbon-atom-containing 
silane-based compound gas may be introduced into the reaction 
chamber . 
[0071] 

In this manner, with the use of the raw material gas having 
the high concentration in a diluted manner, it is possible to 
reduce drawbacks attributed to a trace amount (order of ppm) 
of oxygen-based impurity gas which is unavoidably mixed into 
the raw material gas in the course of manufacturing the raw 
material gas. 
[0072] 

(Embodiment 2) % 

The manufacturing method of HBT of this embodiment 2 
which uses the non-selective SiGe:C as the material of the base 
of the HBT is explained in order of steps in conjunction with 
Fig. 22 to Fig. 27. In the embodiments 2 and 3 described 
hereinafter, it is needless to say that unless otherwise 
specified, besides the SiGe:C layer forming method which is 
particularly specified, any examples disclosed in the 
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embodiment 1 are applicable to the embodiments 2, 3. 
[0073] 

First of all, as shown in Fig. 22, a substrate 21 is 
prepared. The substrate 21 is made of silicon single-crystal 

and has the resistivity of 3 to 6mQcm, for example. 
Subsequently, using an epitaxial growth method, an n-type 
epitaxial layer 22 having a thickness of approximately 0 . Sjarn 
is formed on the substrate 21. Next, a LOCOS oxide film 23 
having a thickness of 200 to 500nm is formed on an element 
isolation region of the substrate 21 and, thereafter, an n-type 
impurity, for example, P is injected by ion implantation into 
a predetermined region of the epitaxial layer 22 thus forming 
an n-well 24. In the same manner, a p-type impurity, for 
example, B is injected by ion implantation into a predetermined 
region of the epitaxial layer 22 thus forming a p-well 25. 
[0074] 

Next, as shown in Fig. 23, an insulation film 26 having 
a thickness of approximately 10 to 50nm is formed on the 
substrate 1 by a thermal oxidation method, for example, and, 
thereafter, a silicon poly-crystalline film 27 having a 
thickness of approximately 10 to 50nm is formed on the 
insulation film 26 by a CVD method, for example . Subsequently, 
using a patterned resist as a mask, the silicon 
poly-crystalline film 27 and the insulation film 26 are 
sequentially etched thus exposing the substrate 21 (n-well 24) 
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of an active region where the HBT is formed and forming a base 

opening portion 28. 

[0075] 

Next, as shown in Fig. 24, on the substrate 21, the SiGe:C 
is formed by a non-selective epitaxial growth thus forming a 
base 29 of the HBT. The base 29 adopts, in the same manner 
as the base 10 of the HBT of the above-mentioned embodiment 
1, the stacked structure which is formed of an i-SiGe:C 29a, 
p + -SiGe:C 29b, p"-SiGe:C 29c and Si 29d. In forming the 
i-SiGe:C 29a, the p + -SiGe:C 29b, the p"-SiGe:C 29c and the Si 
29d, the epitaxial device having the piping shown in Fig. 9 
of the above-mentioned embodiment 1 is used. That is, in 
forming the i-SiGe:C 29a, the p + -SiGe:C 29b and the p~-SiGe:C 
29c by the non-selective epitaxial growth, in the same manner 
as the selective epitaxial growth, the SiH 3 CH 3 having the high 
concentration is diluted with H 2 and the diluted SiH 3 CH 3 is made 
to flow in a main process gas line and is supplied to a chamber 
of the epitaxial device. Accordingly, the concentration of 
the oxygen-based impurity introduced into the inside of the 
chamber is reduced and hence, it is possible to reduce the 
concentration of the oxygen-based impurity which is contained 
in the SiGe:C formed in a film can be reduced to 1 x 10 19 cm" 3 . 
[0076] 

Next, as shown in Fig. 25, an insulation film 30 and a 
silicon poly-crystalline film 31 are sequentially stacked on 
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the substrate 21 by a CVD method, for example. Here, the 
insulation film 30 and the silicon poly-crystalline film 31 
have thicknesses of approximately 30 to 80nm, for example. 
[0077] 

Next, as shown in Fig. 26, by using the patterned resist 
as a mask, a silicon poly-crystalline film 31 and an insulation 
film 30 are sequentially etched and a portion of the base 29 
is exposed thus forming an emitter opening portion 34. 
Subsequently, a silicon poly-crystalline film 35 and an 
insulation film 36 to which an n-type impurity, for example, 
P is added are sequentially stacked on the substrate 21 by the 
CVD method, for example. The silicon poly-crystalline film 
35 and the insulation film 36 have thicknesses of approximately 
100 to 300nm, for example. 
[0078] 

Next, as shown in Fig. 27, the insulation film 36 and 
the silicon poly-crystalline film 35 are sequentially etched 
by using the patterned resist as a mask. The formed silicon 
poly-crystalline film 36 forms an emitter of the HBT. 
Thereafter, on the further upper layer, an inter-layer 
insulation film and a wiring layer are formed thus forming the 
HBT. However, the illustration in the drawings and the 
explanation of these parts are omitted. 
[0079] 

In this manner, according to the embodiment 2> also in 
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non-selective epitaxial growth, SiH 3 CH 3 having a high 
concentration is diluted with H 2 and hence, it is possible to 
decrease a concentration of the oxygen-based impurity which 
is introduced into the chamber of the epitaxial device. 
Accordingly, it is possible to reduce a concentration of the 
oxygen-based impurity which is contained in a non-selective 
SiGerC which is formed as a film to a value equal to or less 
than 1 x 10 19 cm" 3 . 
[0080] 

[Embodiment 3] 

The n-channel MIS-FET which uses SiGe:C of the embodiment 
3 as a channel is shown in Fig. 28. 
[0081] 

A p-type epitaxial layer 42 having a thickness of 
approximately 0 . 5\xm is formed on a substrate 41 which is made 
of an p-type silicon single crystallin and, further, a channel 
of an n-channel MI S-FET is formed on the p-type epitaxial layer 
42. The channel has the structure in which an p-type SiGe:C43 
and Si44 to which B is added from below are sequentially stacked. 
Here, SiGe:C43 has a thickness of approximately 0.2nm, for 
example, and Si44 has a thickness of approximately 0 . lnm, for 
example. SiGe:C43 and Si44 are formed by an epitaxial growth 
method in which the oxygen-based impurity which is introduced 
into the epitaxial device is reduced by diluting SiH 3 CH 3 having 
the high concentration with H 2 . 
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[0082] 

On both sides of the channel, a source and a drain are 
formed by a pair of n-type semiconductor regions 45. Further, 
on the channel, a gate insulation film 46 which is made of a 
silicon oxide film is formed and, further, a gate electrode 
47 which is made of a silicon poly-crystalline film to which 
a p-type impurity is introduced is formed on the gate insulation 
film 46. 
[0083] 

The p-channel MIS-FET which uses SiGe:C of the embodiment 
3 as a channel is shown in Fig. 29. 
[0084] 

A p-type epitaxial layer 49 having a thickness of 
approximately O.Sjam is formed on a substrate 48 which is made 
of an n-type silicon single crystallin and, further, a channel 
of a p-channel MIS-FET is formed on the p-type epitaxial layer 
49. The channel has the structure in which an n-type SiGe:C50 
and Si51 to which As is added from below are sequentially 
stacked. SiGe:C50 has a thickness of approximately 0.2nm, for 
example, and Si51 has a thickness of approximately O.lnm, for 
example. SiGe:C50 and Si51 are formed by an epitaxial growth 
method in which the oxygen-based impurity which is introduced 
into the epitaxial device is reduced by diluting SiH 3 CH 3 having 
the high concentration with H 2 . 
[0085] 
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On both sides of the channel, a source and a drain are 
formed by a pair of p-type semiconductor regions 52. Further, 
on the channel, a gate insulation film 53 which is made of a 
silicon oxide film is formed and, further, a gate electrode 
54 which is made of a silicon poly-crystalline film to which 
an n-type impurity is introduced is formed on the gate 
insulation film 53 . 
[0086] 

A manufacturing method of the n-channel MIS-FET which 
uses a non-selective SiGerC of the embodiment 3 as the channel 
is explained in order of steps in conjunction with Fig. 30 to 
Fig. 34. 
[0087] 

First of all, as shown in Fig. 30, a substrate 41 which 
is made of a p-type silicon single crystallin is prepared. 
Subsequently, an epitaxial layer 42 is formed and, further, 
SiGe:C43 and Si44 to which B is added are formed sequentially 
from below. SiGe:C43 is formed by an epitaxial growth method 

due to decomposition of Si x H 2x +2 (SiH 4/ Si2 H 6 or the like) or 
gases containing Si such as DCS or the like, GeH 4 , B 2 H 6 , SiH 3 CH 3 
by using H 2 as a carrier gas. Here, in the same manner as the 
above-mentioned embodiment 1, at the time of forming SiGe:C43, 
SiH 3 CH 3 having a high concentration of 1 to 10% is diluted with 
H 2 and the diluted SiH 3 CH 3 is supplied to a chamber of the 
epitaxial device. As a result, a concentration of an 
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oxygen-based impurity which is contained in SiH 3 CH 3 supplied 
to the chamber is diluted thus lowering the oxygen-based 
impurity contained in SiGe:C43 which is formed as a film. 
[0088] 

Next, as shown in Fig. 31, a gate insulation film 46 which 
is made of a silicon oxide film is formed on Si44. The gate 
insulation film 4 6 is formed by thermally oxidizing a surface 
of Si44, for example. Subsequently, as shown in Fig. 32, a 
silicon poly-crystalline film 47a is stacked on the gate 
insulation film 46. The silicon poly-crystalline film 47a is, 
for example, formed by a CVD method and, an n-type impurity 
such as P, As or the like is added to the silicon 
poly-crystalline film 47a. 
[0089] 

Next, as shown in Fig. 33, silicon poly-crystalline film 
47a and gate insulation film 46 are etched by using the 
patterned resist as a mask. The formed silicon 

poly-crystalline film 47a forms a gate electrode 47 of an 
n-channel MIS-FET. Subsequently, as shown in Fig. 34, by using 
the gate electrode 47 as a mask, the n-type impurity such as 
P, As or the like is injected by ion implantation into Si44, 
SiGe:C43 and the epitaxial layer 42 whereby a pair of n-type 
semiconductor regions 45 which constitutes a source and a drain 
is formed. Thereafter, the whole substrate 41 is covered with 
a passivation film, and a predetermined wiring or the like is 
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formed thus almost completing the n-channel MIS-FET. 
[0090] 

♦ 

A manufacturing method of the n-channel MIS-FET which 
uses a selective SiGe:C of the embodiment 3 as the channel is 
explained in order of steps in conjunction with Fig. 35 to Fig. 
40. 

[0091] 

First of all, as shown in Fig. 35, a substrate 55 which 
is made of a p-type silicon single crystallin is prepared. 
Subsequently, by using the patterned resist as a mask, a groove 
is formed in the substrate 55. Next, a silicon oxide film is 
stacked on the substrate 55 and, thereafter, a surface of the 
silicon oxide film is leveled by a CMP (Chemical Mechanical 
Polishing) method, for example, thus leaving the silicon oxide 
film in the inside of the above-mentioned groove whereby an 
element isolation 56 is acquired. 
[0092] 

Next, as shown in Fig. 36, the substrate 55 which is 
surrounded by the element isolation 56 is removed thus forming 
a recessed portion. Subsequently, as shown in Fig. 37, an 
epitaxial layer 57 is formed in the recessed portion and, 
further, SiGe:C58 and Si59 to which B is added are formed 
sequentially from below. SiGe:C58 is formed by an epitaxial 
growth method due to decomposition of DCS (or Si x H 2x +2+HCl , for 
example, SiH 4 +HCl or the like), GeH 4 , B 2 H 6 , SiH 3 CH 3 by using H 2 
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as a carrier gas. Here, in the same manner as the embodiment 
1, at the time of forming SiGe:C58, SiH 3 CH 3 having a high 
concentration of 1 to 10% is used and SiH 3 CH 3 is diluted with 
H 2 and the diluted SiH 3 CH 3 is supplied to a chamber of the 
epitaxial device. As a result, a concentration of an 
oxygen-based impurity which is contained in SiH 3 CH 3 supplied 
to the chamber is diluted thus lowering the oxygen-based 
impurity contained in SiGe:C58 which is formed as a film. 
[0093] 

Next, as shown in Fig. 38, a gate insulation film 60 which 
is made of a material having a relatively low dielectric 
constant such as Hf0 2 , for example, is formed on Si59. The gate 
insulation film 60 is formed by a CVD method, for example. 
Subsequently, a silicon poly-crystalline film 61a is stacked 
on the gate insulation film 60. The silicon poly-crystalline 
film 61a is, for example, formed by a CVD method and an n-type 
impurity such as P, As or the like is added to the silicon 
poly-crystalline film 61a. 
[0094] 

Next, as shown in Fig. 39, the silicon poly-crystalline 
film 61a and the gate insulation film 60 are etched by using 
the patterned resist as a mask. The formed silicon 
poly-crystalline film 61a forms a gate electrode 61 of an 
n-channel MIS-FET. Subsequently, as shown in Fig. 40, by using 
the gate electrode 61 as a mask, an n-type impurity such as 
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P, As or the like is injected by ion implantation into Si59, 
SiGe:C58 and the epitaxial layer 57 whereby a pair of n-type 
semiconductor region 62 which constitutes a source and a drain 
is formed. Thereafter, the whole substrate 55 is covered with 
a passivation film, and a predetermined wiring or the like is 
formed thus almost completing the n-channel MIS-FET. 
[0095] 

In this manner, according to the embodiment 3, it is 
possible to constitute a channel of the MIS-FET by using SiGe:C 
in which oxygen-based impurity has a low concentration of which 
is formed by diluting SiH3CH3 having a high concentration of 
1 to 10% with H 2 and, thereafter, by supplying diluted SiGe:C 
to the chamber of the epitaxial device. Accordingly, it is 
possible to reduce an occurrence of a defect attributed to an 
oxygen atom in the channel and to suppress a leaked current 
attributed to the defect and hence, it is possible to enhance 
the reliability of the MIS-FET. 
[0096] 

Although the invention made by the inventors of the 
present invention have been specifically explained in 
conjunction with the embodiments heretofore, it is needless 
to say that the present invention is not limited to the 
above-mentioned embodiments and various modifications are 
conceivable without departing from the gist of the present 
invention . 
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[0097] 

For example, in the above-mentioned embodiments, the 
explanation is made with respect to the case in which SiGerC 
is used as the material of the base of the HBT or the channel 

of the MIS-FET. However, the present invention is applicable 
to any semiconductor device which includes SiGerC. 

Industrial Applicability 
[0098] 

The present invention is applicable to a semiconductor 
device which includes SiGerC formed by an epitaxial growth 
technique and, specifically, to the HBT which uses SiGerC as 
a base or the MIS-FET which uses SiGerC as a substrate. 
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